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(54) Dry-etching method and apparatus, photomasks and method for the preparation thereof, 
and semiconductor circuits and method for the fabrication thereof 



(57) A dry-etching method comprises the step of 
dry-etching a metal thin film as a chromium-containing 
film, wherein the method is characterized by using, as 
an etching gas, a mixed gas including (a) a reactive ion 
etching gas, which contains an oxygen-containing gas 
and a halogen-containing gas, and (b) a reducing gas 
added to the gas component (a), in the process for dry- 
etching the metal thin film. The dry-etching method per- 
mits the production of a photomask by forming patterns 
to be transferred to a wafer on a photomask blank. The 
photomask can in turn be used for manufacturing semi- 
conductor circuits. The method permits the decrease of 
the dimensional difference due to the coexistence of 
coarse and dense patterns in a plane and the produc- 
tion of a high precision pattern-etched product 



FIG. 4 
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Description 



BACKGROUND OF THE INVENTION 



Field of the Invention 



[0001 ] The present invention relates to a method for dry-etching a metal thin film and more specifically to a method 
and an apparatus for dry-etching such a metal thin film, which is applied to a process for preparing a photomask which 
is used in fabricating, for instance, a semiconductor device as well as a dry-etching method which is used in a pattern- 
etching process for forming a fine pattern of a metal thin film such as fine electrode patterns (for a flat panel display 
(FPD) or the like) and color filters. In addition, the present invention also pertains to a photomask which is provided with 
a pattern formed using such a dry-etching method and a method for preparing the photomask as well as a semiconduc- 
tor circuit fabricated using such a photomask and a method for fabricating the semiconductor circuit. 

Description of the Prior Art 

[0002] As a photomask blank, there have been known, for instance, those having such a structure as shown in Fig 
1 , which comprises a glass substrate § formed from, for instance, synthetic quartz glass; a light-shielding f y m b consist- 
ing of a thin film of a metal such as chromium, formed on the surface of the substrate; and a resist layer c of a light- 
sensitive/electron-sensitive resin, which is formed on the light-shielding film. The glass substrate a may serve as a sup- 
port for patterns and therefore, must have a variety of desired characteristic properties such as high transmittance high 
uniformity, defect-free characteristics, resistance to washing and excellent flatness. In addition, the light-shielding film b 
may serve as a light-shielding material for patterning and therefore, should satisfy the desired requirements for various 
properties such as etching controllability, uniformity, defect-free characteristics, resistance to washing low stress and 
high adhesion to the glass substrate. Moreover, the resist layer c has a role as a film for forming the light-shielding film 
and accordingly, should have a variety of desired characteristic properties such as high-sensitivity/high resolution 
resistance to etching, uniformity, defect-free characteristics and high adhesion to the light-shielding film. 
[0003] A photomask provided thereon with a fine electric circuit pattern has been prepared by wet-etching or dry-etch- 
ing a chromium light-shielding film using a photomask blank having such a structure according to the electron beam 
patterning process or the laser beam patterning process. An example of such a mask-processing scheme is shown in 

[0004] In the wet-etching, there have recently been highlighted a limit in the dimension control due to the undercut 
and a limit in the vertically of the etched cross section, and the dry-etching technique has thus been widely used 
instead. 

[0005] The dry-etching methods for preparing a photomask and the dry-etching apparatus for practicing the methods 
are descnbed in, for instance, J.R KOKAI No. Hei 6-347996, the disclosure of which is hereby incorporated by refer- 
ence. In this dry-etching technique, a chromium film is etched using a gas comprising, for instance, chlorine gas to 
which oxygen gas is added, as a reactive ion etching gas. 

[0006] Moreover, the dry-etching method for preparing a photomask of a chromium^ontaining film is disclosed in for 
instance, Japanese Patent No. 2,765.065, the disclosure of which is hereby incorporated by reference. This patent dis- 
closes, in Examples, that when the chromium-containing film is dry-etched by this dry-etching method while using a 
resist film of a positive electron beam resist EBR-9 (which is available from Toray Industries, Inc.) as a mask and a 
mixed gas comprising 1 60 SCCM of chlorine gas, 40 SCCM of oxygen gas and 1 60 SCCM of wet air as a dry-etching 
gas. there is not observed any change in the etching rate of the electron beam resist film, while the etching rate of the 
chrom.um-conta.ning film increases and the selective (or etching) ratio against the resist film is improved. As a result 
the chromium-containing film can sufficiently be patterned by this dry-etching technique. In this connection, the wet air 
(160 SCCM) in the mixed etching gas comprises about 128 SCCM of nitrogen gas and about 32 SCCM of oxygen gas 
corresponding to the component ratio of nitrogen to oxygen in the air which is equal to 4:1 . 

[0007] In addition, the semiconductor circuit has recently become more and more finer and the size of the semicon- 
ductor circuit is increasingly reduced from 0.2 urn to 0. 15 M m. For instance, in case of a semiconductor circuit fabricated 
using a conventional photomask, the dimensional error observed for the memory circuit portion is large as compared 
with that observed for the peripheral circuit portion in the memory circuit which comprises the memory circuit portion 
and the peripheral circuit portion, while such an error is also large even in the logic circuit and thus these errors may 
adversely affect the characteristic properties of the resulting circuit. For this reason, there has been desired for the 
development of a photomask which permits the fabrication of a circuit whose dimensional difference between circuits 
within a semiconductor chip is as low as possible. 

[0008] If a chromium film as a light-shielding film is subjected to dry-etching using a chlorine-containing gas and if a 
pattern is formed on a plane at an almost uniform density, the film can be chromium-etched at an approximately uniform 
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rate throughout the whole surface and accordingly, the dimensional control within a plane can be achieved to such an 
extent that the in-plane uniformity 3 o (3 x the variance of (measured line width - averaged line width)) ranges from 20 
to 60 nm for the line width ranging from 1 to 2 pm. 

[0009] However, dense patterns (patterns whose area occupied by a resist is small) and coarse patterns (patterns 
5 whose area occupied by a resist is large) often coexist in the plane of a practical photomask and if the dry-etching tech- 
nique is used for forming such a photomask the etching rate of a chromium film is high at the densely patterned portion 
and low at the coarsely patterned portion. As a result, the dimensional difference within a plane reaches up to about 
100 nm for a designed line width ranging from 1 to 2 nm. A photomask having such a large dimensional difference within 
the plane cannot be used for the fabrication of, for instance, circuits having a higher integration density such as memory 
10 circuits, logic circuits and LSI circuits. 

[0010] The Japanese Patent No. 2,765,065 described above does not relate to the solution of the foregoing problems, 
but relates to the improvement of the selective ratio of a chromium film to a resist film. 

SUMMARY OF THE INVENTION 

15 

[001 1] Accordingly, an object of the present invention is generally to solve the foregoing problems associated with the 
conventional technique or an improved dry-etching technique as a means for forming a fine pattern, which permits the 
reduction of the dimensional difference due to the coexistence of coarse and dense patterns within a plane, for 
instance, a dry-etching technique for manufacturing a chromium-containing photomask. More specifically, it is an object 
20 of the present invention to provide a dry-etching method and a dry-etching apparatus, which permit the production of a 
high precision photomask by reducing the dimensional difference due to the coexistence of coarse and dense patterns 
within a plane. 

[0012] Another object of the present invention is to provide a method for preparing a photomask using the foregoing 
dry-etching method and to provide a photomask thus prepared. 
25 [0013] A further object of the present invention is to provide a method for fabricating a semiconductor device using 
the photomask and a semiconductor circuit fabricated by the method. 

[0014] The inventors of the present invention have conducted various studies to achieve the foregoing objects, have 
found that even in the production of a photomask in which dense patterns and coarse patterns coexist in the plane 
thereof, the use of a mixed etching gas comprising an oxygen-containing halogen gas such as an oxygen-containing 

30 chlorine gas (e.g., C! 2 +0 2 ), to which at least a hydrogen-containing gas (e.g., Hg, hydrogen chloride (HCI) gas) is 
added, in the etching of the chromium film permits the achievement of in-plane dimensional control almost identical to 
that achieved for a mask in which patterns are formed in the plane at an almost uniform density, i.e., such in-plane 
dimensional control that the dimensional difference is not more than a half of that conventionally attained, for instance, 
10 to 50 nm (0.010 to 0.050 urn) and thus have completed the present invention on the basis of such a finding for the 

35 designed line width ranging from 1 to 2 nm. 

[0015] According to a first aspect of the present invention, there is provided a dry-etching method characterized by 
using, as an etching gas, a mixed gas including (a) a reactive ion etching gas, which contains an oxygen-containing gas 
and a halogen-containing gas, and (b) a reducing gas added thereto, in a process for dry-etching a metal thin film. 
[0016] According to a second aspect of the present invention, there is provided a method for preparing a photomask 

40 by performing a series of pattern-forming steps such as a step for forming a resist layer on a photomask blank, a step 
for exposing and patterning the resist layer, a developing step, a step for etching the photomask blank and a step for 
removing the resist layer and which is characterized in that patterns to be transferred onto a wafer are formed on the 
photomask blank according to the dry-etching method described above to thus give a photomask. 
[0017] According to a third aspect of the present invention, there is provided a photomask which is prepared through 

45 a series of pattern-forming steps such as a step for forming a resist layer on a photomask blank, a step for exposing 
and patterning the resist layer, a developing step, a step for etching the photomask blank and a step for removing the 
resist layer and which is characterized in that patterns to be transferred onto a wafer are formed on the photomask blank 
according to the dry-etching method described above to thus give a photomask. 

[0018] According to a fourth aspect of the present invention, there is provided a method for manufacturing a semicon- 
50 ductor circuit which comprises the steps of transferring the patterns formed on the photomask according to the third 
aspect of the invention on a wafer on which a light-sensitive material is coated, developing the light-sensitive material 
to form resist patterns on the wafer, to manufacture a semiconductor circuit which comprises coexisting coarse and 
dense patterns corresponding to the resist patterns. 

[001 9] According to a fifth aspect of the present invention, there is provided a semiconductor circuit which has a circuit 
55 comprising coexisting coarse and dense patterns corresponding to the resist patterns formed by transferring the resist 
patterns formed on the photomask according to the third aspect of the invention on a wafer on which a light-sensitive 
material is coated and then developing the light-sensitive material. 

[0020] According to a sixth aspect of the present invention, there is provided a dry-etching apparatus used in dry- 
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etching a metal thin film, which is provided with a sequencer for establishing dry-etching conditions, wherein the metal 
thin film is a chromium-containing film; wherein if an etching gas used consists of chlorine, oxygen and hydrogen gases 
the relative flow rates of these gases as expressed in terms of % by volume range from 73 to 46, 19 to 1 1 and 9 to 42 
% by volume, respectively, or if an etching gas used consists of chlorine, oxygen and hydrogen chloride gases, the rel- 
ative f tow rates of these gases as expressed in terms of % by volume range from 70 to 36, 18 to 9 and 13 to 55 % by 
volume, respectively; and wherein the apparatus is designed in such a manner that when inputting the parameters relat- 
ing to the foregoing dry-etching conditions, directly or through a memory device of a computer, to the sequencer and 
then starting the dry-etching process, the dry-etching is automatically carried out under the foregoing dry-etching con- 
ditions. 

[0021 ] According to a seventh aspect of the present invention, there is provided a dry-etching apparatus which com- 
prises an etching chamber, a transport chamber, a substrate cassette bed and a sequencer for establishing dry-etching 
conditions, wherein four electromagnets each comprising a square-shaped ring-like coil are provided on the outer side 
of the etching chamber, two each of these electromagnets being opposite to one another and making a pair, these elec- 
tromagnets being so designed that when applying a low frequency current which is 90 deg. out of phase thereto the 
combined magnetic field established by these two paired electromagnets can rotate in a plane parallel to a substrate at 
a frequency identical to that of the low frequency current, an RF electrode and an opposite electrode are disposed in 
the etching chamber, a transport robot for transporting the substrate is provided in the transport chamber, the transport 
robot being a two-joint robot having two knots, the tip of a transport arm thereof being able to undergo advancing, recip- 
rocating and rotating motions due to the composition of rotational motions of a motor axis and these two knots' within 
each horizontal plane, the robot thus transporting the substrate, wherein a metal thin film to be dry-etched is a chro- 
mium-containing film, wherein if an etching gas used consists of chlorine, oxygen and hydrogen gases, the relative flow 
rates of these gases as expressed in terms of % by volume range from 73 to 46. 19 to 1 1 and 9 to 42% by volume 
respectively, or if an etching gas used consists of chlorine, oxygen and hydrogen chloride gases, the relative flow rates 
of these gases as expressed in terms of % by volume range from 70 to 36, 18 to 9 and 13 to 55% by volume, respec- 
25 tively, and wherein the apparatus is designed in such a manner that when inputting the parameters relating to the fore- 
going dry-etching conditions, directly or through a memory device of a computer, to the sequencer and then starting the 
dry-etching process, the dry-etching is automatically carried out under the foregoing dry-etching conditions. 

Brief Description of the Drawings 

30 

[0022] The aforementioned and other objects, features and advantages of the present invention will be become more 
apparent from the following description taken with reference to the accompanying drawings, wherein 

Fig. 1 is a cross sectional view showing the structure of a photomask blank; 

35 Fig. 2 is a mask process flow diagram for explaining the process for preparing a photomask; 

Fig. 3 is a partially cutaway plan view showing a dry-etching apparatus used for carrying out'the present invention; 
Fig. 4 is a cross sectional view of the dry-etching apparatus shown in Fig. 3 taken along the line A-A; 
Fig. 5 (A) is a schematic plan view showing the arrangement of test patterns used in Example 1 and Fig. 5 (B) 
shows the pattern arrangement as shown in Fig. 5 (A) and is a schematic plan view showing the positions (or lines 

40 A-A' and B-B 1 ) along which the cross sectional views shown in Figs. 6 (A) and 6 (B) are taken; 

Fig. 6 (A) is a flow diagram for explaining the preparation of measuring patterns (or test patterns) at a densely pat- 
terned portion along the line (A-A*) in Fig. 5 (B), and Fig. 6 (B) is a flow diagram for explaining the preparation of 
measuring patterns at a coarsely patterned portion along the line (B-B*) in Fig. 5 (B); 

Fig. 7 is a graph showing the influence of the flow rate of added hydrogen gas to the etching gas. on the change of 
45 the etching rate of chromium and resist and that of range/average; 

Fig. 8 is a graph showing the influence of the addition of hydrogen gas to the etching gas, on the change of the 
dimensional difference due to the coexistence of coarse and dense patterns observed when the test pattern shown 
in Fig. 5 is formed by etching; 

Fig. 9 is a graph showing the influence of hydrogen gas to the etching gas, on the change of the dimension of 
so densely patterned portion observed when the test pattern shown in Fig. 5 is formed by etching; 

Fig. 10 is a graph showing the influence of the flow rate of added hydrogen gas to the etching gas, on the change 
of the dimension of coarsely patterned portion observed when the test pattern shown in Fig. 5 is formed by etching- 
Fig. 1 1 is a graph showing the influence of the addition of hydrogen chloride gas or NH 3 gas to the etching gas, on 
the change of the dimensional difference due to the coexistence of coarse and dense patterns observed when the 
55 test pattern shown in Fig. 5 is formed by etching, in comparison with the influence of hydrogen gas; 

Fig. 12 is a graph showing the influence of the flow rate of added hydrogen chloride gas to the etching gas, on the 
change of the etching rate of chromium and resist and that of range/average; 

Fig. 1 3 is a graph showing the influence of the flow rate of added NH 3 to the etching gas, on the change of the etch- 
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ing rate of chromium and resist and that of range; 

Fig. 14 is a schematic diagram showing the structure of a memory circuit of the present invention, which comprises 
a memory circuit portion and a peripheral circuit portion; and 

Fig. 15 is a schematic diagram showing the structure of a system LSI circuit of the present invention which com- 
5 prises combined memory circuit and logic circuit portions. 

Description of the Preferred Embodiments 

[0023] The dry-etching method according to the present invention is carried out using, as a reactive etching gas, a 
10 mixed gas comprising (a) a reactive etching gas, which consists of an oxygen-containing gas and a halogen-containing 
gas, and (b) a reducing gas added thereto in the process for dry-etching a metal thin film. This metal thin metal includes 
a thin film comprising A!, Au, Pt, Ag, Si, Ge, Cr, Fe, Cu, Ni, Ta, Mo, W or Zr, or an alloy of two or more metals selected 
from these metals. In addition, this metal thin film may be a thin film such as a metal film, a metal oxide film, a metal 
nitride film, a metal fluoride film or a laminated film thereof. 
75 [0024] In addition, the reducing gas used herein may be a gas containing at least hydrogen, i.e., hydrogen gas; a 
hydrocarbon gas selected from the group consisting of C n H 2n+2 ( n=1 to 8), C n H2 n (n=2 to 10), C n H 2n -2 ( n = 2 to 8); an 
alcoholic gas selected from the group consisting of CH 3 OH, C2H5OH, CH3CH2CH2OH, (CH 3 ) 2 CHOH, (CH 3 ) 3 COH, 
CHg = CHCH 2 OH; a hydrogen halide gas selected from the group consisting of HF, HCI, HBr and HI; ammonia gas; or 
water. 

20 [0025] If the metal thin f ilrais a chromium-containing film, and if the etching gas or the mixed gas used consists of 
chlorine, oxygen and hydrogen gases, the f bw rates of these gases as expressed in terms of % by volume preferably 
range from 73 to 46, 19 to 1 1 and 9 to 42% by volume, respectively, while if the mixed gas used consists of chlorine, 
oxygen and hydrogen chloride gases, the flow rates of these gases as expressed in terms of % by volume preferably 
range from 70 to 36, 18 to 9 and 13 to 55 % by volume, respectively. This is because if the flow rates each is beyond 

25 the foregoing range, it is difficult to obtain a highly precision photomask having a reduced dimensional difference due 
to the coexistence of coarse and dense patterns in a plane. 

[0026] Moreover, the oxygen-containing gas used in the invention may be a gaseous oxygen-containing compound 
which can be an oxygen source, such as 0 2 , CO, C0 2 , NO and N 2 0 and the halogen-containing gas usable herein may 
be a gaseous halogen (such as chlorine, f luorine)-containing compound such as chlorine gas, CQ4. CF 2 Q 2 , CFCI 3 or 

30 CF3CI, which is a commonly used reactive ion etching gas. 

[0027] The dry-etching apparatus used for practicing the method of dry-etching the metal thin film according to the 
present invention is not restricted to any particular one and may be, for instance, an apparatus which makes use of a 
variety of systems such as barrel type, RIE, MERIE, ICR NLD and ECR. Preferred are those depicted in Figs. 3 and 4, 
which are equipped with a sequencer for establishing dry-etching conditions, wherein if the metal thin film is a chro- 

35 mium-containing film and if the mixed gas used as etching gas consists of chlorine, oxygen and hydrogen gases, the 
flow rates of these gases as expressed in terms of % by volume range from 73 to 46, 19 to 1 1 and 9 to 42 % by volume, 
respectively; or wherein if the mixed gas used as etching gas consists of chlorine, oxygen and hydrogen chloride gases, 
the flow rates of these gases as expressed in terms of % by volume range from 70 to 36, 18 to 9 and 13 to 55 % by 
volume, respectively; and wherein the apparatus is designed in such a manner that when inputting the parameters relat- 

40 ing to the foregoing dry-etching conditions, directly or through a memory device of a computer, to the sequencer and 
then starting the dry-etching process, the dry-etching is automatically carried out under the foregoing dry-etching con- 
ditions. 

[0028] The dry-etching apparatus equipped with the foregoing sequencer according to the present invention com- 
prises an etching chamber, a transport chamber and a substrate cassette bed, wherein four electromagnets each com- 

45 prising a square-shaped ring-like coil are provided on the outer side of the etching chamber, two each of these 
electromagnets being opposite to one another and making a pair, these electromagnets being so designed that when 
applying a low frequency current which is 90 deg. out of phase thereto, the combined magnetic field established by 
these two paired electromagnets can rotate in a plane parallel to the substrate at a frequency identical to that of the low 
frequency current, an RF electrode and an opposite electrode being disposed in the etching chamber, a transport robot 

50 for transporting the substrate being provided in the transport chamber, the transport robot being a two-joint robot having 
two knots, the tip of the transport arm thereof being able to undergo advancing, reciprocating and rotating motions due 
to the composition of rotational motions of a motor axis and these two knots within each horizontal plane, and the robot 
thus transporting the substrate. 

[0029] In Examples given later, all of the pressure, RF electric power, magnetic field, distance between electrodes, 
55 kinds of etching gases and the flow rate ratio: CI 2 /0 2 in the etching gas mixture are fixed to predetermined values 
respectively, but they are not restricted to these specific values and the dry-etching operations may be performed under 
the following conditions, if an MERIE apparatus is, for instance, used: 
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Pressure: 1 .3 to 66.7 Pa (10 to 500 mTorr) 

RF Electric Power: 1 0 to 300 W 

(RF Electric Power density: 0.10 to 0.4 W/cm 2 ) 

Flow Rate Ratio, 0 2 /(Cl2 + 0 2 ) : 1 0 to 25 % 

CI2/O2: 20 to 1 60/5 to 1 00 SCCM 

Magnetic Field: 0 to 150 Gs 

Interelectrode Distance: 40 to 120 mm 



[0030] According to the present invention, a photomask can be prepared by a series of well-known pattern-forming 
steps such as a step for forming a resist layer on a photomask blank, a step for exposing and patterning the resist layer, 
a developing step, a step for etching the photomask blank and a step for removing the resist layer, wherein patterns to 
be transferred onto a wafer are formed on the photomask blank using the dry-etching method described above as the 
dry-etching process. In addition, the photomask of the present invention is characterized in that patterns to be trans- 
ferred onto a wafer are formed on a photomask blank using the dry-etching method described above as the dry-etching 
process among a series of the foregoing well-known pattern-forming steps. 

[0031 ] The present invention further permits the manufacture of a semiconductor circuit by transferring the resist pat- 
terns formed on the photomask produced by the foregoing method on a wafer on which a light-sensitive material is 
coated, developing the light-sensitive material to form the resist patterns on the wafer, and then subjecting the wafer to 
etching such as dry-etching or ion-implantation on the basis of the resist patterns thus formed on the wafer to thereby 
form a circuit having patterns corresponding to the resist patterns. Examples of semiconductor circuits^hus obtained 
include a memory circuit in which patterns are regularly arranged, a logic circuit comprising randomly arranged pat- 
terns, and a system LSI circuit comprising combined memory and logic circuits. 

[0032] The following are characteristic properties of the semiconductor circuit obtained using the photomask of the 
present invention. For instance, a memory circuit comprises a memory circuit portion on which patterns are regularly 
arranged and a peripheral circuit portion on which patterns are irregularly arranged to ensure the connection to the 
exterior and therefore, the areas occupied by the patterns in these circuit portions are different from one another. More 
specifically, in a gate-forming process in manufacturing a transistor which has an important influence upon the charac- 
teristics of the resulting circuit, the rate of area to be removed for patterning in the peripheral circuit portion is high as 
compared with that observed for the memory cell portion. The semiconductor circuit has recently become more and 
more finer and the size of the semiconductor circuit is increasingly reduced from 0.2 jim to 0. 1 5 >im. In case of the sem- 
iconductor circuit fabricated using the photomask according to the present invention, the dimensional difference 
observed between the memory cell and peripheral circuit portions is very small, the variation in the dimension is also 
small and therefore, the characteristics of the circuit are not adversely affected at all. For this reason, the present inven- 
tion permits the manufacture of an excellent semiconductor circuit whose memory cell and peripheral circuit portions 
have almost the same characteristic properties. 

[0033] The same effect is also observed for the logic circuit in which patterns are randomly arranged and the distri- 
bution of the area to be removed for patterning is also random and thus the invention permits the manufacture of a quite 
excellent semiconductor circuit having a very low dimensional difference within the chip. The present invention can fur- 
ther be applied to the production of a system LSI circuit comprising a combination of a memory circuit portion and a 
logic circuit portion. In this case, the memory circuit portion and the logic circuit portion differ from each other in the 
packing densities of devices and the densities of wiring, but the dimensional difference between the memory and logic 
circuit portions is very small and therefore, does not adversely affect the characteristic properties of the resulting circuit. 
As a result, a good semiconductor circuit can thus be produced, which does not have any difference between the mem- 
ory and logic circuit portions in their characteristics. 

[0034] The present invention will hereinafter be described in more detail with reference to the following Examples and 
attached figures, but these Examples are given only for the purpose of illustration and the present invention is not 
restricted to these specif ic Examples at all. 

[0035] The dry-etching apparatus (MERIE apparatus) used in the following Examples is shown in Figs. 3 and 4. This 
dry-etching apparatus 1 is so designed that an etching chamber 2, a transport chamber 3 and a substrate cassette bed 
4 are accommodated in a panel 12 which constitutes the outer periphery of the dry-etching apparatus and that the etch- 
ing chamber 2 is accommodated in electromagnets 5, 6, 7, 8 disposed on the outer periphery of the chamber 2. Each 
electromagnet comprises a square-shaped ring-like coil, the electromagnets 5 and 6 and the electromagnets 7 and 8 
make pairs respectively and a low frequency current whose phase is shifted, for instance. 90 deg. is passed through 
these electromagnets. These electromagnets are so designed that the coils of the paired electromagnets are wound in 
the same direction and the combined magnetic field established by these two paired electromagnets 5 and 6, and 7 and 
8 can rotate in a plane parallel to the substrate at a frequency identical to that of the low frequency current as shown by 
the dotted arrows in Figs. 3 and 4. Disposed within the etching chamber 2 are a plate-like RF electrode 10 which is con- 
nected to an RF power supply 9 through a condenser 13 and a plate-like opposite electrode 14 and a substrate 1 1 may 
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be placed on the RF electrode 10 through a substrate delivery port 15 formed on the side of the etching chamber 2. 
[0036] The opposite electrode 14 and the etching chamber 2 are maintained at the ground voltage. To supply a reac- 
tive gas for etching to the etching chamber 2, a gas supply system 16 is disposed at a reactive gas supply port 30, which 
is provided with a gas bomb and a mass flow controller and an exhaust system 17 is connected to a vacuum exhaust 
5 port 1 8 of the etching chamber 2, which is equipped with a vacuum pump for controlling the gas pressure in the etching 
chamber 2. The reactive gas herein used is one comprising an oxygen-containing mixed gas and a reducing gas at 
least containing hydrogen, as has already been discussed above. 

[0037] A plurality of substrates 1 1 are accommodated in a cassette case 19, then the cassette case is put on the sub- 
strate cassette bed 4, each substrate delivered from the cassette case 19 is brought into the transport chamber 3 
10 through a partition valve 20 by the action of a transport robot 21 and then placed on the RF electrode 10 in the etching 
chamber 2 through a vacuum valve 22 and the substrate delivery port 15. The transport robot 21 is a known two-joint 
robot having two knots 26 and 28 and is so designed that the tip of a transport arm 29 thereof can undergo reciprocating 
and rotating motions due to the composition of rotational motions of a motor axis 24 and these two knots 26 and 28. 
The motions of a first arm 25 and a second arm 27 are restricted to only those within the horizontal planes. The move- 
rs ment of the tip of the transport arm 29 between the cassette case 19 and the transport chamber 3 through the partition 
valve 20 and that of the tip of the transport arm 29 between the RF electrode 10 in the etching chamber 2 and the trans- 
port chamber 3 through the substrate delivery port 1 5 are advancing and reciprocating motions due to the composition 
of rotational motions of each arm 25, 27, 29 of the robot at the motor axis 24 and the foregoing two knots 26 and 28. 
The transport of the substrate between the vacuum valve 22 at the upstream side of the substrate delivery port 15 and 
20 the partition valve 20 on the side of the cassette case 19 is performed by the half turn motion, within a horizontal plane, 
of the transport arm 29 of the robot, wherein the motor axis 24 serves as a rotating center. If a motor 23 disposed on 
the exterior of the transport chamber 3 is rotated, the plate-like transport arm 29 carrying a substrate 1 1 undergoes 
reciprocating and rotational motions to thus transport the substrate between the cassette case 1 9 and the RF electrode 
10. 

25 [0038] When etching a pattern-forming material of the substrate 1 1 on the RF electrode 10, the etching chamber 2 is 
evacuated by operating the exhaust system 17, followed by introduction of a reactive gas into the chamber 2 through 
the reactive gas supply port 30, excitation of the two pairs of electromagnets 5, 6, 7, 8 and application of an RF electric 
power to the RF electrode 1 0 to thus generate plasma. If the same low frequency alternating current is passed through 
these two paired electromagnets 5 and 6, and 7 and 8 in the same direction, while shifting the phase of the current 

30 applied to either of the paired electromagnets 90 deg. relative to that of the other current, a rotating magnetic field is 
established in a plane parallel to the substrate 1 1 . The plasma generated between the RF electrode 1 0 and the oppo- 
site electrode 14 is concentrated on the surface of the substrate 1 1 by the action of the rotating magnetic field and this 
leads to an increase of its density. Thus, the reactive gas introduced into the chamber is highly efficiently dissociated 
and the substrate 1 1 is subjected to reactive ion-etching under such a condition that only a slight DC bias voltage is gen- 

35 erated on the substrate. 

[0039] For instance, it is assumed that the dry-etching is carried out using, as the substrate 1 1 , a photomask substrate 
which comprises a transparent substrate of synthetic quartz or the like, a thin layer of a pattern-forming material such 
as Cr, Cr provided with an anti reflection film or Si0 2 which is applied onto the transparent substrate and a patterned 
photoresist layer (for instance, a resist for EB exposure (e.g. ZEP-810S (trade name) available from Nippon Zeon Co.. 

40 Ltd.)) provided on the pattern-forming material. In this case, if the substrate 1 1 is dry-etched with the introduced reactive 
gas under the same conditions used for the dry-etching of the IC substrate, this results in insufficient selection ratio of 
the material to be etched to the resist and insufficient in-plane dimensional uniformity of the photomask since the pho- 
tomask substrate 1 1 is not made of silicon, but is made from synthetic quartz unlike the IC substrate and the pattern- 
forming material applied thereon does not comprise poly Si or an oxide layer + poly Si, but comprises Cr, Cr provided 

45 with an antiref lection film or Si0 2 , unlike the IC substrate. However, the selection ratio and the in-plane dimensional uni- 
formity can be improved and a highly precision photomask can be produced if establishing the following dry-etching 
conditions: a magnetic field intensity ranging from 50 to 150 Gs; a pressure of the reactive gas in the etching chamber 
2 ranging from 0.03 to 0.3 Torr (4 to 40 Pa); and an RF electric power density on the RF electrode 10 ranging from 0.20 
toO^W/cm 2 . 

so [0040] The following are specific Examples of the present invention. 
Example 1 

[0041] A dry-etching method carried out according to the present invention will be described in this Example. Test 
55 patterns used in this Example are shown in Figs. 5 (A) and 5 (B) and the flow diagrams for illustrating the preparation 
of test samples are shown in Figs. 6 (A) and 6 (B). Fig. 6 (A) is a flow diagram, as expressed in terms of schematically 
cross sectional diagrams, for explaining the preparation of measuring patterns at a densely patterned portion along the 
line (A-A") in Fig. 5 (B), and Fig. 6 (B) is a fbw diagram, as expressed in terms of schematically cross sectional dia- 
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cToT 8 ; ?? la,nin9 *• P r eparation erf measuring patterns at a coarsely patterned portion along the line (B-B 1 ) in Fig 
5 (B). As w.1 beclear from the flowdiagrams shown in Figs. 6 (A) and (B). each test sample was prepared through proc- 
esses for (a) EB patterning, (b) developing, (c) etching and (d) removing the resist. In Figs. 6 (A) and (B). d represents 
a substrate. fi represents a chromium film and f represents a resist layer. The details of the etching processes shown in 
Figs. 6 (A) and (B) are as follows: 

[0042] The conditions for operating the MERIE apparatus as shown in Figs. 3 and 4. which permit the dry-etching of 
a chromium film using a conventional chlorine-containing gas have already been described above, but in this Example 
the test patterns as shown in Figs. 5 (A) and (B) were formed by dry-etching a chromium photomask blank under me 
conclrtions disclosed in Table 1. using an etching gas comprising the foregoing gas system (CU/O, = 80/20 SCCM) to 
which hydrogen gas was added in an amount specified in the following Table 1 and using the MERIE apparatus as 
shown in F.gs. 3 and 4, on the basis of the following working conditions of the apparatus among others- 



Pressure: 6.8 Pa (50 mTorr) 

RF Power Supply: 80 W 

,s Gas: Clj/Og = 80/20 SCCM 

Magnetic Field: 50 to 60 Gs 

Interelectrode Distance: 60 mm 



30 



35 



40 



45 



50 



55 



J** 3 ' ^^T^r 1 U8ed in ** Example was one prepared b * ^ying a single chromium layer in a thick- 
ness of about 800 to 900 A as a pattern-forming material onto the surface of a square-shaped synthetic quartz sub- 

J^Ti* T " 152 4 X 152 4 mm and a thiCkness 01 6 35 mm « ,urther allying a single or two chromium layer 
provided with a chromium oxide-containing antireflection film in a thickness of about 150 A thereon and then applying 
a resist layer (ZEP-810S (trade name) available from Nippon Zeon Co., Ltd.) for EB exposure onto the layer of the pat 
ern-forming material. Moreover, the test patterns as shown in Figs. 5 (A) and (B) comprised, after the EB exposure and 
2 ! « I TTf ' 3 dm f ns , ion - e ' aluation P 3 "^ (about 6.5 mm x 35mm) which was arranged at the central portion of 
the left half (dense portion) of the mask and which included a plurality of US (Line and Space) ISO Line (Isolated U 
and ISO Space (Isolated S) patterns therein; a completely removed pattern (the pattern of the exposed chromium hav- 
ing a size of 46mm * 54mm) surrounding these patterns: and a dimension-evaluation pattern which was arranged at 
the central portion of the right half (coarse portion) of the mask -ngeaai 
[00441 Shown in Fig. 7 are the results thus observed when adding 0 to 72.1 SCCM of hydrogen gas to the etching 
98S ' m *" etChi " 9 rate 01 ti" 0 "*™ a^ resist and in the range/average as a function of the added 

amount of the hydrogen gas. In Fig. 7, the results were obtained by using a chromium mask blank and a chromium 
mask blank on which the above-mentioned EB resist is applied but is not patterned. As for the right longitudinal axis in 
i-ig. 7, the range represents the difference between the maximum value and minimum value of a thickness of the resist 
Hrrnn a plane which were determined after etching and the average represents a mean value of the in-plane resist film 
thickness, the range/average being expressed in terms of %. 

[0045] Shown in Fig. 8 are the results observed when forming test patterns (Figs. 5(A) and (B)) which comprised 
dense and coarse patterns arranged in a plane, or the variation of the dimensional difference between the coarse and 
dense , portions (Le.. the difference in the dimension between the coarse and dense portions) as a function of the added 
amount of the hydrogen gas. In addition, shown in the following Table 2 and Figs. 9 and 10 are the changes in the 
dimension of the coarse and dense portions as a function of the amount of the hydrogen gas which is added to the etch- 
ing gas when the test patterns are formed through dry-etching. Moreover, the data shown in Fig. 8 are shown in Fio 1 1 
as a function of the added amount of the gases while comparing these results with those obtained in the other Exam- 
Kf. S - JL 0 !" "Vu^ . fo "T in9 TaWe 3 are 816 dimension al variation in the coarse and dense portions of the resist pattern 
obtained after the development as a function of the added amount of the hydrogen gas. hydrogen chloride gas or NH 3 

[0046] The following were found, as a result of the dry-etching performed under the conditions as mentioned in Table 

[0047] As will be seen from the results shown in Fig. 7, it was observed that when the hydrogen gas is added to the 
etching gas the etching rate of chromium increases as the added amount of the hydrogen gas increases, is at the high- 
est when adding about 20 to 45 SCCM of the hydrogen gas and decreases as the added amount of the rydroger! , gas 
increases even further; the etching rate of the resist increases as the added amount of the hydrogen gas increases; and 

film thickness)xioo (%), decreases as the added amount of the hydrogen gas increases 

* *■ 6een J ^results shown in Table 2 and Figs. 8 and 11. there was observed a dimensional dif- 
ference of about 90 nm (0.090 urn) between the coarse and dense portions when any hydrogen gas was not added to 
the etching gas. while the dimensional difference therebetween is reduced as the added amount of the hydrogen gas 
increases. More specifically, when an increasing amounts of hydrogen gas ranging from 10 to 72.1 SCCM were added 
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as in Sample Nos. 1 -2, 1-3,1-4 and 1 -5, the dimensional difference between the coarse and dense portions of the pat- 
tern was found to be about 0.040 to 0.009 urn which corresponded to about 1/2.2 to 1/10 times that (0.090 urn) 
observed when any hydrogen gas was not added. This clearly indicates that the problem of the dimensional difference 
between the coarse and dense portions is considerably eliminated. As shown in Table 1 , the gas flow rates of Cl 2 , 0 2 
5 and H 2 and the relative flow rates (as expressed in terms of % by volume) used in the dry-etching of the samples 1-2, 
1-3. 1-4 and 1-5 are 80, 20 and 10 to 72.1 SCCM and 72.73 to 46.48, 18.18 to 1 1.62 and 9.09 to 41.89 % by volume, 
respectively. 

[0049] As will be seen from the results shown in Table 1 and Figs. 9 and 10, it was observed that the dimensions of 
the dense portions do not almost change due to the addition of the hydrogen gas, while the dimension of the coarse 
io portion changes by a large amount until the added amount of the hydrogen gas reaches 30 SCCM and the change in 
the dimension of the coarse portion is reduced when the added amount of hydrogen gas is beyond 30 SCCM. As a 
result, the dimension of the coarse portion is close to that of the dense portion and therefore the dimensional difference 
between the dense and coarse portions becomes small. 

[0050] As has been discussed above, it has been proved that the conditions for dry-etching the samples 1 -2, 1-3. 1- 
is 4 and 1 -5 are optimum ones and accordingly, the apparatus was so designed that the parameters relating to the fore- 
going dry-etching conditions listed in Table 1 were inputted, directly or through a memory device of a computer, to the 
sequencer and then the dry-etching process was started to automatically carry out the dry-etching under the foregoing 
optimum dry-etching conditions. 

20 Example 2 ^ 

[0051 ] A dry-etching method carried out according to the present invention will be described in this Example. The low 
reflection chromium photomask blank and the test patterns used in this Example were the same as those used in Exam- 
ple 1 . The scheme for preparing the test samples were the same as that used in Example 1 except that ZEP7000 (the 
25 trade name of a product available from Nippon Zeon Co., Ltd.) was substituted for the ZEP-810S as the resist for the 
EB exposure in the EB patterning process and that hydrogen chloride (HCI) gas, as the gas to be added to the etching 
gas, was substituted for the hydrogen gas (H 2 ) used in Example 1 in the etching step. The pattern-forming conditions 
are listed in the following Table 1 together with those used in Example 1. 

[0052] HCI gas was added to the etching gas in an amount ranging from 0 to 120 SCCM in this Example. Regarding 
30 the results observed after carrying out the etching under the conditions specified in Table 1 , the change in the etching 
rate of each of chromium and resist and that in the range/average are shown as a function of the added amount of HCI 
gas in Fig. 12. In Fig. 12, the results were obtained by using a chromium mask blank on which the above-mentioned EB 
resist is applied, without any patterning, as in this case of Fig. 7. As for the right longitudinal axis in Rg. 12, the 
range/average is the same as that shown in Fig. 7. 
35 [0053] Shown in Fig. 1 1 are the results observed when forming test patterns (Figs. 5(A) and (B)) which comprised 
dense and coarse patterns arranged in a plane. Namely, the change in the averaged dimensional difference between 
the coarse and dense portions (i.e., the difference in the dimension between the coarse and dense portions) as a func- 
tion of the added amount of the HCI gas was shown in Fig. 1 1 while comparing these results with those obtained in 
Example 1 in which hydrogen gas was used as the added gas component. In addition, shown in the following Table 2 
40 are the change in the dimension of the coarse and dense portions as a function of the amount of the hydrogen chloride 
gas which is added to the etching gas when the test patterns are formed through dry-etching, together with the results 
obtained in Example 1 in which hydrogen gas is added. Shown in the following Table 3 are the dimensional variation in 
the coarse and dense portions of the resist pattern obtained after the development as a function of the added gas and 
an added amount thereof. 

45 [0054] As will be seen from the results shown in Fig. 12, when adding the hydrogen chloride gas to the etching gas, 
the etching rate of chromium is at the highest when adding about 30 to 40 SCCM of the hydrogen chloride gas and 
decreases as the added amount of the hydrogen chloride increases even further, while the etching rate of chromium 
increases by increasing an amount of oxygen. In addition, it was observed that the etching rate of the resist increased 
until the added amount of the hydrogen chloride gas reaches 15 SCCM and, even if the added amount of the hydrogen 

so chloride gas increased even further, the etching rate was kept at a constant rate until the added amount reaches 120 
SCCM. 

[0055] As will be seen from the data shown in Table 2 and Rg. 1 1 , the results of Sample Nos. 2-2, 2-3, 2-4 and 2-5 
indicate that when HCI gas was added in an amount ranging from 15 to 120 SCCM to the etching gas, the dimensional 
difference between the coarse and dense portions of the patterns was in the range of from about 0.027 to 0.050 iim 
55 which corresponded to about 1/3.2 to 1/1.8 times that (0.088 \im) observed when any HCI gas was not added. This 
clearly indicates that the problem of the dimensional difference between the coarse and dense portions is considerably 
eliminated. The result of dimensional difference may further be improved by optimizing the relative flow rates of gas 
components in the etching gas. As shown in Table 1, the gas flow rates of Cl 2 , and HCI and the relative flow rates 
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120 SCCM, and 69.57 to 36.36, 17.39 to 9.09 and 13.04 to 54.54 % by volume, respectively. 

beendescnbed above in detail.it has been proved that the conditions for dry-etching the samples 2-2. 
fa'Lol ^ ff J 6 T °"f ^ accordin 9'y- the Wa«t"S was so designed that the parameters relating to the 
foregoing dry-etchmg conditions listed in Table 1 were inputted, directly or through a memory device of a computer to 

11 !Z ^ T th T- thG dry " e1Chin9 pr0C6SS W8S sterted to automatically cany out the dry-etching unSS fo're 
going optimum dry-etching conditions. y «"i»niuiiuw uwwe 

Example 3 

US! A ? ry " etehing metnod carried out according to the present invention will be described in this Example The low 

pie 1 . The scheme for preparing the test samples were the same as that used in Example 1 except that ZEP7000 (the 
trade name of a product available from Nippon Zeon Co.. Lid.) was substituted for the ZEP-810S as £ m Star Se 
fof SZ S ^TT r r a ^^ tNH 3^-^«ne gas to be added tothe etching gas, w^ss^7^ 

Z ( S h USed S am ? e 1 thS etChin9 8ta » x ^ Pattern-forming conditions are listed in the follow- 

ing Table 1 together with those used in Examples 1 and 2. 

EnHc«L« S J^ S 10 ,he ^l" 9 988 in a " amount ran9in9 from 0 10 120 SCCM in this Example. Regarding 
the resujs observed after carrying out the etching under the conditions specified in Table 1. the changTin the etching 
raedchrc™ m whenaddingNH 3 to the etching gas in an amount ranging from0to120s6cMand£ nS etchng 

T addi " 9 NH3 a " am0unt ran9in9 from 0 to 20 SCCM ^a range/average are shown as aSnc 

*on of the added amount of NH 3 gas in Fig. 13. In Fig. 13. the resufts were obtained by usin^ a ch SZTnS \SSk 

Tfk Tr^Tr-lt™^ *? EB — * withJan patterning, as E5££2 

IS, S * e r 9ht lon 9 rtud,nal 3X15 F, 9- 13. the range/average is the same as that shown in Fig. 7 

[0060] Shown in F,g. 1 1 are the results observed when forming test patterns (Figs. 5 (A) and (B)) which comorised 

£££ ST T "T 96 " " 3 P ' ane - Name,y " ^ Chan9e in *• dimenslonaKer^ 
ion X %^ P °?^l i, e J h6 differenCe ,he dimenSi0n be1ween the and de ™ Potions) as a J£ 
SJTiSSTE? H3 935 W3S Sh0Wn in ^ 11 Whi,e these resulte w»h those obtained in 

aS chLZfn i ? r09e " 9aS ^ aS US6d 38 ,he add6d 988 component ,n addifon - show " in «"« foxing Table 2 
I d,me " s ' on * the coarse and dense portions as a function of the amount of the NH 3 gas which is 

K™* Tin ?'X S e " t6St 3re formed ,nrou9h ^y-etching. together with the resufts obtained in 

S 5S , yd ? e " 9H ! 18 add6d and Examp ' e 2 in which HCI 988 is added " Sh ow" »ne following TaWe 3 

a Z^t ^?^™^* 3nd dCnSe POfti0ns 01 106 resist o^ed after the develcpmS as 
a function of the added gas and an added amount thereof. 

JJfIL "? be , Se u n fr ° mthe reSU,tS Sh0Wn in Table 2 ** R 9- 13 - »"•" a^ng the NH 3 gas to the etching gas 
the etching rate of chromium slightly increases until the added amount of the NH3 gas reaches 60 SCCM «5 

t ^hS* ^ " ^ NHs 988 inCreaSeS further - ,n add *°n. the Itching rate of re^st deoeaS 
a little until the added amount of the NH3 gas reaches 20 SCCM c»w ureases 

0°0^J^p^r n,rOm * ed ^ teS ^ ninTable2and Fifl ' 11 - th ere is observedadimensiona. difference of about 
the ^ ^T 6 r rS6 K and ^ POfti0nS 01 *» P 3 **^ 8 ^"NHs gas was added in an amount 60 SCCM to 
,1? J™ ™ U ? ' l 08 " ^ 581(1 8181 th,S dimensi °nal difference of about 0.075 urn corresponded to about 1/1 2 
times that (0.090 jim) observed when any NH 3 gas was not added W,UI " 1 

H??* ^T!. r '* th ,l e,Chin9 0 T ti0n ^ b6Safer ** use of NH 3 9as in place of hydrogen gas as the added 
. ^ ^ icu f to further improve the dimensional difference of the coarse and dense portions of the patterns evenif 
the relative flow rate of the etching gases were optimized. ^ " " 
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Example 4 

[0064] In the light of the results obtained in Examples 1 and 2, it was found that the use of hydrogen and hydrogen 
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.hf^LS by etCh,n9 - Accordin 9'y. *« were prepared several kinds of photomasks according to 

he procedures^. ,n Examples 1 and 2, for preparing the test samples casing test patterns, or by formh ^ r«S 
layer on a Cr photomask Wank, followed by a series of well-known pattern-forming steps^ch Ts ItfrtWuX d3 
opment. etching and washing. The resulting photomasks each had patterns su* as hole systerToSanci-Sce 

SSL 2 8 wafer and compri8ed - on 8 p,ane - coexistinfl coaree and «*™ « £25; 

photomask was found to have a very small dimensional difference between the coarse and dense portions of the oat- 
terns. These results cleariy indicate that the use of the foregoing added gas permits the achievement quite satisS- 
tory results, ,.e.. substantial reduction of the dimensional difference, like L results observed In &2^aS^ 

Example 5 

p^a!ed / ln S Ex 1 Se U ? 0r *"* °" ' * "<* (1) t0 (4) the phot0mask 

(1) A light-sensitive material was applied onto the wafer; 

lAIM wlS)" 8 ° n Ph0t0mask Wefe 608,6(1 down and deferred to the wafer using a stepper (scale factor: 
the TOfeT 3 ^ pr0vided J hereon with the ^ed 'ight-sensrtive material was developed to form a resist pattern on 
(4) The wafer was subjected to dry-etehing or ion-implantation through the resist pattern. 

HHZZLi ^ semico " du u ctor circuite ^ were a memory circuit (Fig. 14) whose patterns were regularly 

bTe?^ 

iZZZL JI^TT ^ 85 Sh0W1 in R9> 14 C ° mpri6eS a mem0ry Circuit P^ 0 " P^ns are regularly 
thSnrln^ P 3 a : CU,t POrt, ° n in *** Patterns are irre9ular| y ""W in orter «o ensure the connexion to 
l^T^ 656 arCU,t POrt, ° nS diff6r fr0m each 0,her in *» ra1e 01 *• are a occupied by the patterns Inme fran 
ril ST T 9 PfOCeS8 WhiCh has a 6erious influence 00 tne characteristics of the circuit, the rate of to IZ 
removed for patterning on the peripheral circuit portion increases in prc^ortiontoaninaeaseinmes^ tnemem^y 

ng to the presert invention, the dimensional difference observed between the memory cell and peripheral arcu^ 
lur^ ISL^? 0 ^ 1^: thepatterns never ^^e'y affec « ^ characteristic properties of the resulting <*■ 

fnLof » etWee " the memory ce " and P e "'P"eral circuit portions in characteristic properties 

[0068] Moreover, the semiconductor circuit or logic circuit produced in this Example was found to have excellent aual- 

ZZESZST desai S! L above °"" a,so 1)6 attained by *• l0Qic in **» P^SSSJ 

d.str,buted and the areas removed for patterning were also randomly distributed and the dimensional difference wZ 

permitted the production of an excellent semiconductor circuit or a system LSI circuit comprising combined memory 
and log.c arcurt portions (Fig. 15). which did not differ from each other in characteristic £££ V*Z teTS 
memory and log.c arcutt portions differ from each other in the density of patterns, fut the 
between the memory cell and logic circuit portions is very small on the order of 0.004 ,un and therXe to tems 
never adversely affect the characteristic properties of the resulting circuit 

baen *°» detail, the method of the present invention permits the decrease of the dimen- 

££££ on J" 6 ^ e J° e ! S,en ! e ° f COarS6ly and dense 'y kerned portions in a plane and the product of a 
71^Z J^ , by ^ 8 miX6d S 85 ' Whi&h prises (a) a reactive ion etching gks as a rrixture 

l^Tn 00 836 a " d 8 hal °0en-containing gas. and (b) a reducing gas containing at least hydrogen in Z 

dry-etching process as a means for forming fine patterns. yu>ogen, in me 

[0070] Moreover the method for preparing a photomask according to the present invention permits a photomask 

^ aS „ ' S *™T dmefenCe *" 10 ^ MenCe <* m coarse and *«• patterns^-anl anJwhSe 
patterns are highly precisely processed. In addition, the photomask has uniform patterns Further the semiconSuctcJ 

S, Pr ! 3d ^ ed 081,19 ,h6 Ph0t0ma6k 01 *• present invention naa a ^ry high integration der*ty 8em,C0ndUCt0r 

sSetch^rS^ur'es" 86 * hydr ° 96n *** * 986 88 the added ^ component can ensure 
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Claims 

1 . A dry-etching method which comprises dry-etching a metal thin film, wherein the method is characterized by using, 
as an etching gas, a mixed gas including (a) a reactive ion etching gas, which contains an oxygen-containing gas 

5 and a halogen-containing gas, and (b) a reducing gas added to the gas component (a), in the process for dry-etch- 
ing the metal thin film. 

2. The dry-etching method as set forth in claim 1 wherein said metal thin film is a thin film of a member selected from 
the group consisting of Al, Au, Pt, Ag, Si, Ge, Cr, Fe, Cu, Ni, Ta, Mo, W, Zr and an alloy of two or more of these 

10 metals. 

3. The dry-etching method as set forth in claim 1 or 2 wherein said metal thin film is a thin film selected from the group 
consisting of a metal film, a metal oxide film, a metal nitride film, a metal fluoride film and a laminated film thereof. 

is 4. The dry-etching method as set forth in any one of claims 1 to 3 wherein said reducing gas is a gas containing at 
least hydrogen. 

5. The dry-etching method as set forth in any one of claims 1 to 4 wherein said reducing gas is hydrogen gas; a hydro- 
carbon gas selected from the group consisting of C n H2 n +2 ( n =1 to 8), C n H2 n (n=2 to 10), C n H 2n -2 ( n =2 to 8); an 

20 alcoholic gas selected from the group consisting of CH 3 OH, C 2 H 5 OH, CH3CH2CH2OH, (CH^CHOH, (CHgJgCOH, 
CH2=CHCH 2 OH; a hydrogen halide gas selected from the group consisting of HF, HCI, HBr and HI; ammonia gas; 
or water. 

6. The dry-etching method as set forth in any one of claims 1 to 5 wherein said metal thin film is a chromium-contain- 
25 ing film, said mixed gas comprises chlorine gas, oxygen gas and hydrogen gas and the relative flow rates of these 

gases are 73 to 46, 19 to 11 and 9 to 42% by volume, respectively. 

7. The dry-etching method as set forth in any one of claims 1 to 5 wherein said metal thin film is a chromium-contain- 
ing film, said mixed gas comprises chlorine gas, oxygen gas and hydrogen chloride gas and the relative flow rates 

30 of these gases are 70 to 36, 18 to 9 and 13 to 55% by volume, respectively. 

8. A method for preparing a photomask by performing a series of pattern-forming steps such as a step for forming a 
resist layer on a photomask blank, a step for exposing and patterning said resist layer, a developing step, a step for 
etching said photomask blank and a step for removing the resist layer, wherein the method is characterized in that 

35 patterns to be transferred onto a wafer are formed on said photomask blank according to the dry-etching method 
as set forth in any one of claims 1 to 7 to thus give a photomask. 

9. A photomask which is prepared by performing a series of pattern-forming steps such as a step for forming a resist 
layer (f) on a photomask blank , (d.e.) a step for exposing and patterning said resist layer (f), a developing step, a 

40 step for etching said photomask blank and a step for removing said resist layer (t), wherein the photomask is char- 
acterized in that patterns to be transferred onto a wafer are formed on said photomask blank according to the dry- 
etching method as set forth in any one of claim 1 to 7. 

10. A method for manufacturing a semiconductor circuit which comprises the steps of transferring the patterns formed 
45 on the photomask as set forth in claim 9 on a wafer on which a light-sensitive material is coated, developing said 

light-sensitive material to form resist patterns on the wafer, to manufacture a semiconductor circuit which comprises 
coexisting coarse and dense patterns corresponding to said resist patterns. 

11. A semiconductor circuit having a circuit which comprises coexisting coarse and dense patterns corresponding to 
so the resist patterns formed by transferring said resist patterns formed on the photomask as set forms in claim 9 on 

a wafer on which a light-sensitive material is coated and then developing said light-sensitive material. 

12. A dry-etching apparatus used in dry-etching a metal thin film, wherein the apparatus is provided with a sequencer 
for establishing dry-etching conditions, wherein said metal thin film to be dry-etched is a chromium-containing film, 

55 wherein if an etching gas used consists of chlorine, oxygen and hydrogen gases, the relative flow rates of these 
gases as expressed in terms of % by volume range from 73 to 46, 19 to 1 1 and 9 to 42% by volume, respectively, 
or if an etching gas used consists of chlorine, oxygen and hydrogen chloride gases, the relative flow rates of these 
gases as expressed in terms of % by volume range from 70 to 36, 18 to 9 and 13 to 55% by volume, respectively, 
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and wherein the apparatus is so designed that when inputting the parameters relating to the foregoing dry-etching 
conditions, directly or through a memory device of a computer, to said sequencer and then starting the dry-etching 
process, the dry-etching is automatically carried out under the foregoing dry-etching conditions. 

13. A dry-etching apparatus comprising an etching chamber (2), a transport chamber (3), a substrate cassette bed (4) 
and a sequencer for establishing dry-etching conditions, 

wherein four electromagnets (5, 6, 7, 8) each comprising a square-shaped ring-like coil are provided on an 
outer side of said etching chamber (2), two each (5. 6; 7, 8) of these electromagnets being opposite to one another 
and making a pair, these electromagnets being so designed that when applying a low frequency current which is 
90 deg. out of phase thereto, the combined magnetic field established by these two paired electromagnets can 
rotate in a plane parallel to a substrate (1 1) at a frequency identical to that of the low frequency current, an RF elec- 
trode (10) and an opposite electrode (14) are disposed in said etching chamber (2), a transport robot (21) for trans- 
porting said substrate (11) is provided in said transport chamber (3), said transport robot (21) being a two-joint 
robot having two knots (26, 28), the tip of a transport arm (29) thereof being able to undergo advancing, reciprocat- 
ing and rotating motions due to the composition of rotational motions of a motor axis (24) and these two knots (26 
28) within each horizontal plane, the robot (21) thus transporting the subtrate (1 1), 

wherein a metal thin film to be dry-etched is a chromium-containing film, 

wherein if an etching gas used consists of chlorine, oxygen and hydrogen gases, the relative flow rates of 
these gases as expressed in terms of % by volume range from 73 to 46, 1 9 to 1 1 and 9 to 42 % by volume respec- 
tively, or if an etching gas used consists of chlorine, oxygen and hydrogen chloride gases, the relative flow rates of 
these gases as expressed in terms of % by volume range from 70 to 36, 18 to 9 and 13 to 55% by volume resoec- 
tively.and 7 ' ^ 

wherein the apparatus is so designed that when inputting the parameters relating to the foregoing dry-etch- 
ing conditions, directly or through a memory device of a computer, to said sequencer and then starting the dry-etch- 
ing process, the dry-etching is automatically carried out under the foregoing dry-etching conditions 
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Fig. 8 
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Fig. 10 
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Fig. 12 
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Fig. 14 
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